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Fig.1  Schematic drawing of two heat treatment processes 

(WC: water cooling; AC: air cooling) 

 

������	
�

����������

    Ti6554��2n��º�_¾£¤�\�|�£

�)��|�QRm 80 µm�r 2a�)XRDVE=>)

?c|��m β G>r 2b ñ����[110]

β

�G�

TEMd�>p4�F)>������>Ëñ)7"

��ç���G�ð(SAED)_�)ï βBC�-�G

�:{002}

β


{110}

β


{112}

β

�)�?c�:����

d�Ò§�¾���G �)*r� w<�>?=

>)���¡º)β BC´���µe)�BC�d

���G>Ëñ)?©�G �i\Ø ωG>¢�£

E�G�:o�)��¤V¾�)�¥¦o§��>

� Li \Ç�MN�Ù5¨m©ª�«¬­ ω G

(incommensurate embryonic ω phase)

 [9]

> 

�����	
����

r 3_��ñ��Vð�Ì&Ø��K(350 i�

Ø 2 h)%­)º� TEM�>p4�F)� β|�EF

ÉV[�;���®¯£¤)�t� 200 nm°±�r

3a�>²Êôõ)?c®¯�³ý./Ê�£�>G�

�2n£¤��G�:)��Kº{002}

β


{110}

β




{112}

β

�:����d��G ���´mµ¶)·

4��BYZFP£E�:>�:s×=>)?c 

�7"¸ ωG)�� 1/2{112}

β

YZ´��:7"m α

G)*r 3a¹r� w<�>]q)�� TEM>�

�)p4º»)?c./Ê�m α G>p�ãÌ*�

ÌÍd�p2n�¡EF�©ª�«¬­ ωG�îº 

350 º, 2 h 

Time 

T

β

=790 º 

830 º, 1 h 

350~600 º, 6 h 

Time 

T
e
m

p
e
r
a
t
u

r
e
 

Double aging 

Single aging 

W
C

 

A
C

 

T
e
m

p
e
r
a
t
u

r
e
 

W
C

 

A
C

 

A
C

 

350~600 º, 6 h 

T

β

=790 º 

830 º, 1 h 



´2048´                                          »¼
� !y¶¹                                           � 49� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

µ 2  JK£³N@ Ti65541
DE 

Fig.2  Microstructures of the quenched Ti6554 alloy: (a) OM 

image (inset is corresponding XRD pattern) and (b) TEM 

morphology (inset is corresponding SAED pattern) 
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Fig.3  Microstructures of Ti6554 samples after the pre-aging: (a) TEM 

morphology inside β-grain interior (inset is SAED pattern on 

[110]

β

 zone axis) and (b) TEM morphology adjacent to β-grain 

boundary (‘PFZ’ represents precipitate-free zone) 
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Fig.4  SEM morphologies of Ti6554 samples subjected to double aging (a, c) and single aging (b, d) at 440 & (a, b) and 600 & (c, d) 

(inset is the magnification of the rectangle in Fig.4a) 
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Fig.5  Characteristic parameters of α phase after single aging and double aging: (a) area fraction, (b) number density, (c) width of α phase 

inside β grain, and (d) width of α

GB

 phase along β grain boundary 
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Fig.6  Vickers hardness as a function of aging temperature 
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Fig.7  Engineering stress-strain curves of the aged Ti6554 

samples 
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Fig.8  SEM images of fracture surfaces (a, b) and OM morphologies of fracture subsurface (c, d) of Ti6554 samples subjected to 

double aging (a, c) and single aging (b, d) 
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� EDS9:; 

Fig.9  PFZ morphology adjacent to β grain boundary in the pre- 

aged Ti6554 sample (a) and corresponding EDS element 

distributions along the arrow in Fig.9a (b) 
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Precipitation Behavior of α-Phase and Its Influence on 

Mechanical Properties in Ti-6Cr-5Mo-5V-4Al Alloy 

 

Zha You, Chen Wei, Zhao Gaofeng, Wang Yue, Sun Qiaoyan, Xiao Lin, Sun Jun 

(State Key Laboratory for Mechanical Behavior of Materials, Xi’an Jiaotong University, Xi’an 710049, China) 

 

Abstract: Precipitation behavior of α-phase and its influence on mechanical properties have been investigated in Ti-6Cr-5Mo-5V-4Al 

metastable β-Ti alloy by comparing the double aging and the single aging. The microstructural characterization shows that the quenched 

sample consists of equiaxed β-grains. After the following low-temperature pre-aging, dense clusters composed of numerous α nano-laths 

evenly distribute inside β-grain interiors, while there are precipitate free zones (PFZ) around β grain boundaries. This precipitation feature 

between β-grain interiors and their grain boundaries is inherited into the later high-temperature aged samples. It can be seen that after the 

double aging, the fine equiaxed α precipitates homogeneously distribute in β-grain interiors but the α-phase exhibits a coarse plate shape 

adjacent to β-grain boundaries. On the contrary, the α-plates distribute much more evenly in the single-aged microstructure although the 

plates have larger dimensions. Tensile testing shows that the ultimate tensile strength of the double aging sample can be tuned up to ~1630 

MPa but accompanied by the degradation of ductility (~2%). The ultra-strength originates from the significant precipitation-strengthening 

effect as a result of the precipitation of α-particles at the submicron- and nano-scales, and the loss of ductility can be attributed to the 

premature intergranular fracture caused by deformation localization along β-grain boundaries. 

Key words: titanium alloys; heat treatment; microstructures; mechanical properties 
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